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REMARKS 

Newly added claims 4 and 5 find support at page 7, lines 2-5 and at page 9, lines 5-8. 
The limitation of new claims 8 and 10 is described at page 6, lines 19-21 of the original 
specification. Claim 1 has been amended to place it in somewhat better English form. 

The "Substitute Specification and Abstract" submitted herewith contains no new matter. 
In order that the examiner can satisfy himself in this regard, also submitted herewith is a marked- 
up copy of the original Specification and Abstract from which the "Substitute Specification and 
Abstract" was typed. 

Responsive to paragraph 1 of the office action, a form PTO-1449 is attached hereto. 

The examiner's explanation set forth in paragraph 2 of the office action has been noted. 

Responsive to paragraph 3 of the office action a new Fig. 1 is submitted herewith as a 
separate paper and a copy is attached hereto. The examiner will note that Fig. 1 has been labeled 
"Prior Art." 

Responsive to paragraphs 4 and 5 of the office action, the Specification and Abstract 
have been revised to place them in better in English form and to place the Abstract into 
compliance with our rules of practice. 
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The rejection for obviousness as set forth in paragraphs 6-8 of the office action is 
respectfully traversed. In combining a feature of Comby with the structure of Lemonnier, the 
examiner is improperly combining parts of devices which operate very differently. In 
Lemonnier, outputs through both the upper electrodes and the lower electrodes serve as inputs to 
"an electronic processing circuit for forming a pixel detector" (column 2, lines 37-40). In 
contradistinction, in Comby each of the needle-like anodes is independent and the output of each 
is taken as a separate signal. In Comby, signals are output only by the anodes. Of course, if a 
number of the anodes of Comby were located on the strip anode as in the examiner's 
hypothetical, they would no longer be independent from one another and would no longer 
generate separate signals as contemplated by Comby. 

The examiner characterizes the hypothetical combination as having the "columnar anode 
electrodes planted on the anode strips 6 (as the anodes 3 of Comby et al are planted on the means 
18)." However, if one were to put the columnar anode electrodes of Comby on anode strip 6 of 
Lemonnier, the result would not "as the anodes 3 of Comby are planted on the means 18." In 
Comby the "thread-like anodes 3" are insulated from each other (column 3, lines 17 and 18) and, 
as noted above, "are independent from one another" (column 5, lines 9-26). Thus, in the 
examiner's hypothetical the anodes would neither be insulated from one another nor independent 
from one another as in Comby. Also note that, as the examiner stated, the anodes 3 of Comby 
are planted on means 18. Note that means 18 is exterior to the gas cell in Comby whereas the 
anodes strips 6 of Lemonnier are internal to the gas cell. Thus, the hypothetical combination 
envisioned by the examiner involves far more than mere combination of the anodes of Comby 
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and the structure of Lemonnier. 

Also note that Lemonnier repeatedly stresses the need for "a substantially uniform 
electric field." See, for example, column 2, lines 4-8, column 3, lines 61-62 and the claims. In 
contradistinction, in Comby the electric field is strongest "in the vicinity of the anode points." 

New claims 5-8 serve to further distinguish the present invention from the examiner's 
hypothetical combination because Lemonnier has no "drift electrode" and because both 
Lemonnier and Comby apply a voltage to the cathode. 

Claims 8, 10 and 1 1 define the columnar anodes as having a height approximating the 
thickness of the substrate and, therefore, the distal ends of the anodes cannot be recessed "with 
respect to the insulating support face, so as to provide the photon insulation of each of said 
anodes," quoting from column 2, lines 34-37 of Comby. Also see column 3, lines 30 and 31 and 
column 5, lines 34-36 of Comby. 
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In conclusion, it is respectfully requested that the examiner reconsider the rejection and 
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DESCRIPTION 

PARTICLE BEAM IMAGE DETECTOR EMPLOYING GAS AMPLIFICATION 
ATTAINED BY PIXEL -TYPE ELECTRODES 

TECHNICAL FIELD 

The present invention relates to a particle beam image 
detector employing gas amplification attained by pixel-type 
electrodes. 

BACKGROUND ART 

The present inventors have previously deyelope^-a^_Q^e^ 
^ype of detector^an M^l (Micro Strip Gas Chamber) , which is 

a gas- amplification - type particle beam image detector *s//<:A 
Reali zing high ^osiijjion resolution and high incident particle 
tolerance and^ontainsp strip -type electrodes. Characteristic 
features of this detector include a very short dead time for 
a gas amplifier and high position resolution, and the 
detector has ^/become of keery interest ^by virtue olj? its 
potential use as a detector for particle beams of high 
brightness. Presently, tests employing X-rays have confirmed 
that the detector is free of malfunction under a brightness 
of 10 7 counts/mm 2 •sec^'or more. 

FIG. 1 is an exploded perspective view of a 
conventional MSGC. 

The MSGC imaging device shown in FIG. 1 has an 
effective area of 10 cm x 10 cm. Reference numeral 1 denotes 
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a substrate made of^polyimide thin film. Reference numeral 2 
denotes an anode strip formed on substrate 1, and reference 
numeral 3 denotes a strip-shaped cathode electrode. Anode 
strips 2 and strip- shaped cathode electrodes 3 are juxtaposed 
alternately. 

Reference numeral 4 denotes a base substrate made of 
ceramic, and reference 5 denotes a back- side electrode formed 
on the base substrata_4_ahd placed under the substrate 1. 

D x above the thus -constructed 
element / adrift plate ^ 4 %^t^<8rn^k^ to thereby define a 
chamber for allowing passage of gas therethrough; e.g., a gas 
containing argon and ethane (see, for example, Japanese 
patent Application Laid-Open (JcoJcal) No. 10-300856). 

DISCLOSURE OF THE INVENTION 

One critical problem associated with the above- 
described MSGC /encountered during studies for putting the! 

psame into practical usej is breakage of ^electrodes resulting 
from discharge between the electrodes. In the case of the 

Texisting^ MSGC, a voltage is applied between electrodes having 
a clearance of 50 \xm or less. Therefore, when a high voltage 
is applied in the hope of ^/oBtainin^ increas^'gas^ 
amplification factor , ^large current flows^due to di scharg^ 
between the electrodes. As a result, it frequently occurs 
th^t heat generated from discharge destroysv electrode strips, 
or fragments of the broken electrode strips are deposited 
onto the surface insulating layer, resulting in malfunction 



of the device^e^to passage of current between they 
Jlectrode^. " 



Moreover, since signals generated in the back- side 
electrodes 5, which are v two -dimensionalura^ read out, have a 
magnitude about 20% that, of the signals generated by the 
ano,des located on the surface side, an expensive amplifier 
must be employed^g a circuit for attaining successful read^- 
out of such weak signals, or alternatively / amplification 
factor attained/^ gas^must be further improved. 

In view of the foregoing, an object of the present 
invention is to provide a particle beam image detector 
employing gas amplification attained by pixel-type electrodes, 
the detector having high sensitivity and electrodes of 
improved reliability. 

In order to achieve the above object, the present 
invention provide s^the following^ 

^Tl^^Aj particle beam image detector employing gas 
amplification attained by pixel- type electrodes, an< 
^characterized J>yj comprising anode strips formed on^the bac£) 
surface of a / /double-si ded^ substrate, columnar anode # 
electrodes which are^^drftecTijJ the anode strips /such t hat/ 
ftheir upper end^ penetrate the double-sided substrate so as 
to^Be exposed to a surface thereof , jmd] strip-shaped cathode 
electrodes^ach having an aperture such that each of thej 
Corr esponding columnar anode electrodes falls thereiij. 

^^^t\^atpa±^ rfe 




f[ 1 l^ above , wherein/ £ach of the anode strips^f a width of 
about 200 to 400 pm. 

^^ •" ' ^ h c> - T 3mrtdre3re^beam 1 ma gg-T^iM^.t- p r mT)}jyY^J}3iJ3^J " 
jjm^if lcation attaineoTby plxel^type-nefrgclrrgdes as ~TgcTEei r-±n) 
fCL}- alxove^-^wj ^eln^ he anode strips are provided at intervals 
of about 400 pm, the strip-shaped cathode electrodes each 
have apertures ptj.ntervals of) a predetermined distance, the 
diameter of the aperture being about 200 to 300 nm, and each 
of the columnar anode electrodes has a diameter of about 40 
to 60 urn and a height of about 50 to 150 \m. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view of a 

conventional MSGC; 

FIG. 2 is a perspective view showing an essential 

portion of a particle beam image detector employing gas 

amplification ^/attained] by pixel- type electrodes according to 

one embodiment of the present invention; 

FIG. 3 is a plan view ^showing on^ embodiment of the 

particle beam image detector ^employing gas amplif icat ioi^ i}£*uj* 
/attained by pixel- type electrodes according to the presentj 
^nventioriT^ 

FIG. 4 is an enlarged view of the portion A indicated 
in FIG. 3; 

FIG. 5 illustrates the operational principle of the 
particle beam image detector of the present invention; and 
FIG. 6 shows^r^lation^iiaff voltage applied yeg-ouc gas 



4 ^amplification factor attained by the particle beam image 
detector of the present invention. 

P>^^Ki F-T/Qku 0 ^r rise p&xfeLfZiZ-g-O &tim£/M&JTy 
/best modes for carrying out the invention/ 




understanding of the disposition of the anode strips , the 
lower section of the double-sided printed substrate is 
depicted j^TJae separated from the upper section. However, it 
should be noted that the upper and lower sections are not 
separated, but constitute a unitary, double-sided substrate . 

In-±£s=s£ FIGs*f, Reference numeral 1 denotes a particle 
beam image detector, 2 a pixel chamber (300 mm X 300 mm) , 11 
an anode strip (although width di is 300 Mm in the present 

. embodiment, any width falling within the range of about 200 
Jim to 400 JJm may be used) , 12 a columnar anode electrode. jd^cJ To <£hd 

^plantecT injf the anode strip 11 (although ^diameter d 2 is. 50 |Jm, 
any diameter falling within the range of about 40 Mm to 60 Mm 
may be used) , 13 a double-sided substrate for a printed 
circuit having a thickness d 3 of about 100 \kn; 14 a strip- 
shaped cathode electrode formed on one,, surface of the 



substrate 13, and 21 a drift electrode. 

As shown in FIG. 2, the particle beam image detector of 
the present invention includes a double- sided printed circuit 
substrate 13, strip-shaped cathode electrodes 14 on one 
surface of the substrate 13, and anode strips 11 on the back 
surface of the substrate 13. The anode strips 11 are 
provided^at a pitcfi| d 5 of 400 jim. The strip-shaped cathode 
electrodes 14 each have apertures 15 arranged at 

•predetermined intervals. At the center of each aperture 15 
/a in lie £>r-M <hf 

u is provided a pixel/Irving J^a. columnar anode electrode 12. 
The pixel is connected to a corresponding anode strip 11 
present on the back side. The diameter d 6 of the aperture 15 
in the strip -shaped cathode electrode 14 is 250 urn. However 
the diameter is not limited thereto and may^sume^any value 
J)' falling within the range of 200 \m to 300 |jm. 

As described above, in the present embodiment, the 
pixels 'S^eviftf-^e^anodes) 12 each have a diameter of 50 \xm; 
however, the pixels may have a diameter of 40 \mt to 60 fjm. 
r The anode electrodes 12 are of pKG ool uimra r shape and have a 
j height d 4 of about 100 \xm, approximating the thickness of the 

double- sided printed substrate 13. J£h& height of the anode 

JO _ ' 

electrodes is notfllmited /TO»~4H re^ 

^eigh fe^Jand may (be/^ultab^ a range of 50 

\xm to 150 nm # in accordance with the thickness of the double- 
sided printed substrate 13. 

In actual use of the detector for detecting a particle 
beam, the double- sided printed substrate 13 is placed in a 
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. • -pixel chamber 2* i.e., in an inert-gas-based atmosphere. As 
\ shown in FIG. 2, a drifj: electrode 21 is provided at an 
•appropriate^osition; above^the substrate 13 (in practice , 
.several mm to several cm^abov^ the substrate 13) and parallel 
Tj . to the detector. This arrangement allows image measurement 
of radioactive rays similar to that attained by MSGC. 

FIG. 5 illustrates the operational principle of the 
particle beam image detector. of the present invention. 

Electrons e" produced through ionization of the gas by 
the incident particle beams drift under the force of a drift ■ 
field toward a pixel ^gi^thj^^ ocr viag-^g) 
an anode electrode 12. In the vicinity of the columnar anode 
. electrode 12/ by virtue of the presence of a strong electrib 
field formed by a voltage between anode and cathode (e.g., 
42 0 V) and the pointed shape of electrode, gas avalanche 
amplification of electrons occurs. The^f^ions thus generated 
quickly drift toward strip-shaped cathode electrodes 14 Stsrr&v** 

In the course of the above process, electric charges 
are generated on the columnar anode electrodes 12 and also on 
the strip-shaped cathodes 14, and these electric charges are 
Observable on the electric circuit. Therefore, Jobs ervatioii] 
ytpf determine the anode or cathode strip at which this 
amplification phenomenon occurs provides information about 
the position of the incident particle beam. * JTeading out of 
signals, circuit design for obtaining two-dimensional images, 
etc. can be ^performed by use^o^ those developed for 



• •conventional MSGC. , 

r — ^ ^Jv&yy^^ . „ 

^Characteristic features^of the /present particle beam 
image detector^are summarized as follows: 

(1) Since pixels are used as anodes, strong electric 
fields can be easily formed, leading to Jaf\ enhancement of ~f^ r 
amplification factor. 

(2) Since each cathode surrounds corresponding 
anode in a circular fashion, . the electric field at the 
peripheral portion of the cathode is much weaker than that 
observed at the anode. As a result, ^3 - ying oKrt of electrons 
from the cathode is suppressed^ ^and^t ^us— d4§ chaxg^^a es^o-^ 

^/easily occurT) 

(3) The electric field between the anode and cathode r* 1 " 
weakens sharply as a function of distance. Therefore, 
progress toward discharge^Tmayj occu^T only in rare cases. 

(4) Between the anode and cathode, an insulator is 
provided as a substrate. Since the width of the anode strip 
is larger than the diameter of the aperture of the strip- 
shaped cathode electrode, and the thickness of the substrate 
is similar to the radius of the aperture, the direction of 
the line of electric force is always upward^at the insulator 
surface, eliminating any risk of generating jthgj undesired 
electrostatic field caused by accumulation of positive ions 
generated through gas amplification. 

(5) Since the present particle beam image detector 
essentially£^ke£^use^o^ techniques for fabricating printed 
circuit boards, detectors of large area can be produced at 



low cost. 

(6) In the event of discharge, the detector is not 
fatally damaged. That is, the only damage the detector would 
suffer is local breakage (of some pixels). 

(7) Since the detector operates under application of 
voltage to only two terminals^ i.e., an anode electrode and a 
drift electrode, minimum facilities in terms of power supply 
and wiring are required. y 

FIG. 6 shows* relations Jp<£ voltage applied versus gas 
amplification factor attained by the particle beam image 
detector of the present invention. In FIG. 6, the x-axis 
represents voltage (V) applied between the cathode and the 
anode, the y-axis represents gas amplification factor 
(logarithmic scale), line "a" represents a characteristic 
curve according to the present invention, and line "b" 
represents that obtained from a conventional detector. 

As is apparent from FIG. 6, an amplification factor of 
10,000^^thereaboutJ can be attained by the present 
invention. Also, when the detector of the present invention 
was operated for two days continuously at an amplification 
factor of about 1,000 ,V not even a single occurrence of 
discharge /aros,^. At higher amplification factors, discharge 
was observed, but barely, with no subsequent operational 
problems. 

Although the present invention has been described above 
with reference to specific embodiments, the invention is not 
limited to those embodiments. Numerous modifications and 



•variations of the present invention are possible in light of 
the spirit of the present invention, and they are not 
excluded from the scope of the present invention. 

?yid$ 

I) The detector of the invention has the same g ^ c 

advantages as those of MSGC. That is, the jnventiv^ detector^ 
^attains a large gain and has- improved reliability of 
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anodes , 



(gp^iricfe^dilels a 
fields S^n be easily fo 
amplification factor. * \ 

(C) .^J^Tice each cathode , Surrounds the corresponding 



metric 
to^an^ ^£an cement"" of 



ana^e^in a circular fashion, the\ electric field at the 



peripheral portion of the cathode is much weaker pan that 

rved at the a#odfe: As a result, yflying ou 
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>f electrons 



from? the cathode %s suppressec^ard thus discharge does notj 
ly occu^. 

(D) The electr% field between the anpde and cathode 




weakens sharply as a function of distance, therefore 
progress toward discharge Jfay) occur^ only in /tare cases" 

(E) Between the anode and cathode ,y€n insulator it 
prov:yfed* ? *a?s^ Since the /£idth of the §noxXe strip 

is laihger than the diameter of the a^rture of thfe cathode 
elect£fidg), and the thickness of^ tRfe^ub^jtrate is similar to 
the radius of the aperture, the direction of the lipie of 
electric force is always upwar d at t he insulator surface, 
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^eliminating any risk of generating the undesired, cancelling 
electrostatic field caused by accumulation of p^itive ions 
generated through gas amplification. 

(F) Since the present particle beam ^mage detector 
essentially makes us^ .of techniques for/fabricating printed 
circuit boards, detectors .of large a^ea can be produced at 



low cost. 

(G) In the event of discKa^ge, the detector is not 
fatally damaged. That is ,y€he only damage the detector would 
suffer is local break^e (of some pi'xelsTx 

(H) Since tb6 detector operates under application of 
voltage to onJ^y two terminals; i.e., an anode elefe^brode and a 
drift electrode, minimum facilities in terms of powers supply 
and wiring are required. \^ 




The particle beam image detector according to the 



present invention employing gas amplification attained by 

ode 1* fJr.saas 

pixel-type electrodes is suitable f or^technical fields 
involving detection of radioactive rays; i.e., monitoring of 
radioactive rays, X-ray image analysis, medical X-ray 
imaging, and new techniques of gamma-ray imaging. 
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, r , > ABSTRACT 

A particle beam image detector employing gas 
amplification attained by pixel-type electrodes has high 
sensitivity and improved reliability of electrodes.. 

Electrons e~ produced through ionization of the gas/byjj 
^the incident particle beams drift] under the force of a drift 

field toward a pixel Jthat is encountered on the way to the^ 
^urface of the detector, the _ pixel- servin g an anode 1 
el ectrod e [£l2H.Xyin the vicinity of the columnar anode 

A — ^ — ^ 4**10 

'electrode ~f*1 ffi«r *rf - v i.iT Ttii o o f th n p rrnrrrTTVif a strong 
electric field fpfy&i^ between anode and cathode 

| M^^A^^ shape of v electrode e ^fa^ ^ 

*v^^^ The, ^ions ^hus] 

^eneratec|' quickly drift toward strip-shaped cathode 

electrodes J^^) around the i on^ . J^n^the course of^this^ 
J^ QQgss^ Electric charges are generated on the columnar anode 



electrodes Vfyfyf and also on the strip-shaped cathodes 

and these electric charges are observable ^tq^^^j^^^ 

1 , 0 ^q^qj^X^ to determine the anode or 

cathode strip at which this amplification. phenomenon occurs 
and fl<& ~& &Ai* J 'f <3^*fc 

pcnffiES te s information about bfa -e position of the incident 
particle beam. 



